Background: Wheelchair sports participants represent a subgroup of athletes that potentially have a unique risk profile for sports-related injuries. The epidemiology of injuries in non-elite wheelchair sports participants has not previously been investigated, and therefore factors related to injury risk, prevention and participation are unknown.
Executive Summary
Background: Wheelchair sports participants represent a subgroup of athletes that potentially have a unique risk profile for sports-related injuries. The epidemiology of injuries in non-elite wheelchair sports participants has not previously been investigated, and therefore factors related to injury risk, prevention and participation are unknown.
Objectives: The purpose of this cross-sectional study was to determine the prevalence and nature of injuries in wheelchair sports participants, explore rehabilitation practices and injuryprevention strategies, and identify perceived benefits and barriers to participation.
Methods:
A survey was mailed to members of Wheelchair Sports NSW (n = 258) and responses were collected anonymously. An introductory announcement and two postal reminders were used to encourage response (Dillman's method).
Results: Seventy-one participants responded (27.5% response rate). Respondents were an average age of 47.0 years (95% CI 32.0-59.9), and the majority were male (n = 56). Only 21% percent participated regularly at the national level, suggesting respondents were representative of wheelchair athletes participating at an amateur level. Participants played sport or trained a mean 2.8 days per week (SD 1.8), and the time spent on each day they participated was a mean 2.8 hours (SD 1.8). Fifty-nine percent of respondents had sustained an injury while playing sport, and the sport where the most injuries occurred was basketball (n = 23 injuries) followed by wheelchair racing (n = 5 injuries). For 30% of injured athletes, there was no health professional assistance provided at the time of injury. Health professionals most commonly sought for assistance following injury were physiotherapists (n = 20), remedial masseurs (n = 12), general practitioners (n= 11) and sports doctors (n = 9).
Injury prevention was limited to warming up and stretching before competition, cited by 72% of participants. The main reported benefits of participating in wheelchair sports were that it improved their fitness (76% agreed or strongly agreed with the statement, n = 53), provided them with comradeship (75%, n = 53) and the possibility of making new friends (76%, n = 54). The most commonly reported barriers to participation were the travelling distance required for participation (69%, n = 49), the cost of sports wheelchairs ( 63%, n = 45) and the availability of adequate participants to form a team (63%, n = 45 ).
Conclusions:
Injuries while playing wheelchair sports are common, particular during basketball, yet prevention strategies reported were primarily only warming up and stretching.
Wheelchair sport participants report many barriers to participation, but the wide range of benefits reported, both physical and social, indicates there is a need to implement strategies to reduce barriers and increase participation.: Table of Contents   EXECUTIVE SUMMARY  2 Introduction 5
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Introduction
Organised sport for persons using a wheelchair has grown both locally and internationally, with athletes competing in a range of wheelchair sports such as rugby, basketball, tennis and handcycling. However, sport participation rates between able-bodied and disabled persons in Australia show a 15% discrepancy (2), with New South Wales (NSW) having the second lowest rate of sports participation amongst persons with a disability in Australia (2).
Health benefits of regular exercise are well established in this population (1, 12, 14, 19, 22) , and sports participation is also reported to improve quality of life in persons with disabilities (15) . One possible reason for low participation is the rate of injuries while playing sport, and the considerable effects that these injuries may have on activities of daily living for persons in a wheelchair. Athletes with disabilities experience similar injury rates to able-bodied athletes (9, 17, 27) . Due to the repetitive nature of propulsion, wheelchair sports participants are at greater risk of developing injuries to the upper limb, in addition to peripheral nerve entrapments, repetitive strain injuries, premature osteoporosis, and pressure sores (11, 18) , which also may limit sports participation. Information regarding injury patterns, risk factors and management strategies is limited in wheelchair athletes.
The identification of injury rates and practices is critical in determining risk factors and developing preventative strategies. Data on injuries sustained by athletes with disabilities have been collected during both summer and winter Paralympic Games (5, 26, 27) . These investigations have provided data on injury incidence rates, types of injuries and sports in which athletes are commonly injured. However, these mainly focus on incidence rates over a Shoulder injuries are the most common of upper limb injuries sustained by wheelchair sports participants and non-athletic wheelchair users (10, 20, 27) , however there is little research on other types of injuries. The incidence of shoulder injuries and pain has been reported ranging from 26 to72% amongst various studies examining both wheelchair sports participants and non-athletic wheelchair users (4-7, 11, 18) . This variation is likely due to diversity of the population studied. Recent studies have begun to examine possible risk factors for shoulder pain. Lack of trunk control and using a wheelchair seat that is parallel to the ground have both been found to increase pain in wheelchair athletes (13, 29) . Whilst this research is a promising step in the identification of risk factors and the movement towards developing preventative strategies, more data are required to support these findings and identify risk factors for all injury types sustained by this population. Furthermore, the epidemiology of injuries in Australian wheelchair sports participants has not yet been investigated. The identification of such injuries and current preventative strategies is essential in the formation and implementation of further evidence-based prevention policies at a local, state and national level.
Information regarding barriers to participation in wheelchair sports and perceived benefits is limited. Perceived benefits and barriers to wheelchair sports have been primarily investigated in five studies (3, 16, 21, 25, 28) . Perceived benefits are reported as social, personal, and physical, whilst barriers include organisational factors, limited information available on wheelchair sports, and the physical demand of sports (3, 16, 21, 24) . These studies have evaluated elite athletes, individual sporting codes and single disability groups individually with a variety of outcome measures and methodologies. Consequently, there is a lack of quantitative data examining perceived benefits and barriers to wheelchair sports participation in athletes across a broad community population participating in a variety of sports. By identifying facilitators and barriers to participation in wheelchair sports, the findings from the current study may potentially inform strategies to bridge the current gap in the rate of sports participation between able-bodied and disabled persons in Australia.
The purpose of this cross-sectional study was to determine the prevalence and nature of injuries in wheelchair sports participants, explore rehabilitation practices and injuryprevention strategies used, and identify perceived benefits and barriers to participation.
These findings will provide essential resources for the development of evidence-based strategies to reduce the risk of injuries in and raise participation rates of wheelchair athletes.
Methods
This descriptive cross-sectional study was conducted in collaboration with Wheelchair Sports 
Participants
Members of WS NSW were invited to participate in the study. Subjects who were unable to complete the survey in either written or spoken English were excluded, as were WS NSW members less than eighteen years of age. Consent was implicit in returning the survey.
Instrumentation
The questionnaire was constructed in collaboration with a convenience sample of wheelchair sports participants, representatives from WS NSW and the research team. Structured openended interviews were conducted with seven wheelchair sports participants and three representatives. The responses were analysed for themes and categorised into domains of interest, and these provided the basis for item selection and wording within the questionnaire. The same participants then examined the questionnaire to ensure face validity and clarity in the phrasing of questions, and to determine the time needed to complete the survey.
The questionnaire was structured into three sections: (1) demographics and sports played, reasons for participating in wheelchair sports, attitudes towards their sport, and perceived benefits and barriers. Twenty-two items were scaled by "strongly agree" to "strongly disagree" and assessed perceived benefits. Fifteen items were scaled by "very likely" to "very unlikely" to determine perceived barriers to participation. Six semantic differential statements were included, which measured the connotative meaning of concepts to assess respondents' attitudes towards their sport. Two bipolar adjectives anchored the scale for each of these items, for example "motivated" and "discouraged", and these were also scored one to six.
Data collection
Questionnaires were administrated following Dillman's Tailored 
Data analysis
An item analysis was conducted to maximise the reliability and internal consistency of the survey. This was administered on the third section of the survey due to the nature of questions in that section. An inter-item correlation matrix was formed for items making up subscales relating to the domains of benefits and barriers to participation. This ensured each item mapped to the correct subscale. These subscales included social benefits pertaining to skills, opportunities and knowledge, in addition to physical benefits. Subscales for the domain of barriers to participation were environment, accessibility and knowledge. If a negative correlation with other items of the same subscale existed due to wording, scale values of items were inverted. Items were discarded if the item-total correlation was less than 0.2 (23). Cronbach's coefficient alpha was used to assess internal consistency reliability. The aim was to achieve an alpha coefficient for each subscale greater than 0.7 (23); items in the subscale that significantly reduced the total alpha value were removed after step-wise assessment.
Following the item analysis, responses from the valid items pertaining to individual domains were analysed in relation to the particular domain of interest. Descriptive statistics including median response and interquartile range were calculated for the demographics and injuries sections, providing quantitative data on the prevalence and nature of sports injuries, in addition to specific prevention strategies and management practices.
Results
A total of 71 participants responded to the questionnaire from a pool of 258 potential respondents (27.5% response rate). Demographic details can be seen below in table 1.
Participation
The sports that the participants report playing or have played in the past can be seen in Table 2 . Basketball, hand/cycling and tennis are the most common sports played, although 30% of participants would like to take part in a sport other than the ones they currently play, with hand/cycling being again a common preference.
Injuries
42 (59%) of respondents had sustained an injury whilst participating in wheelchair sport, with 20 (28%) sustaining their injury within the last 12 months and 1 (1.4%) within the last week.
Of the 71 participants, 11 reported injuries to their shoulder or upper arm in the last 12 months, with seven injuring either their head/face/neck or hand /fingers and six injuring their elbow or forearm. Basketball was cited as the most common sport for causing injury (n=23), followed by wheelchair racing (n=5) (as seen in table 2), with overuse injury reported in 14 cases and contact injury in 11. The most common types of injuries were muscle tears or strains (n=11) or ligament or joint sprains (n=6).
Management
No one assisted 30% of people at the time of their initial injury, with a physiotherapist assisting in 21%. After the injury occurred, 69% of participants continued to play, 3% left the field and returned later, 21% left the field and did not return and 7% needed offsite medical treatment. 70% of participants felt they had enough knowledge and support to manage the injuries they sustained. Health professionals most commonly sought immediately after injuries occurred were physiotherapists (n=20), remedial masseurs (n=12), general practitioners (GP) (n=11) and sports doctors (n=9). On the day following the injury, most participants sought care from a physiotherapist (n=19), GP (n=6) or sports doctor (n=6). In regards to injury prevention, 72% of participants report taking steps such as warming up and stretching.
Benefits/barriers
Reported benefits of participating in wheelchair sports, as seen from the participants point of view can be seen in Tables 3 & 4 below. Overall, participants feel that playing wheelchair sport improves their fitness and strength, whilst making them feel more motivated and confident.
Barriers to wheelchair sport participation can be seen in Table 5 , with the availability of wheelchair sports in the local area being shown as the most likely barrier to participation, and the need for carers or medical attendants being the most unlikely.
Conclusion
While contact injuries are common in sports such as basketball where the players compete in close proximity to each other, overuse injuries such as muscle tears and strains are also prevalent. The only prevention strategies reported were warming-up and stretching.
Wheelchair sport participants report many barriers to participation, primarily in regards to having to travel to participate, as availability of local events was limited. However, a wide range of both physical and social benefits were reported, indicating there is a need to implement strategies to reduce perceived barriers and increase participation in sports, while ensuring effective injury prevention strategies are undertaken. 
Supporting Documentation

Summary Report
This cross-sectional survey sought to determine the prevalence and nature of injuries during wheelchair sports, current prevention and rehabilitation strategies used, and benefits and barriers to participation. Seventy-one wheelchair athletes registered with Wheelchair Sports NSW responded to a postal survey (27.5% response rate). The shoulder/upper arm was the most common area injured and the sport during which the majority of injuries occurred was basketball where contact injuries were common. The only prevention strategies reported were warming-up and stretching. Participants reported that playing wheelchair sport improved their fitness and strength and that increased motivation and confidence were benefits to playing.
The most common barrier to participation was a perceived lack of competition available in the local area. The results suggest that players perceive many benefits to participating in wheelchair sports, although finding a suitable sport locally may be a concern for many.
Key Messages
• Injuries are common during wheelchair sports, yet few prevention strategies are currently used by wheelchair athletes
• Wheelchair athletes report a wide range of benefits from participation, including physical (fitness, strength) and social (comradeship, new friendships) benefits.
• Barriers to wheelchair sports participation are primarily related to the availability of participation opportunities (distance to venues, cost, and availability of adequate numbers to form a team), rather than injury frequency.
